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Abstract
Increment thresholds were measured over a range of adapting illuminances using a modiﬁed automated static perimeter. The data
were ﬁtted to a threshold versus intensity model (logT = logT0 + log((A + A0)/A0)
n) and the values logT0 and logA0 estimated. The
eﬀect of eccentricity and age on logT0 and logA0 was examined in normal subjects. A small group of patients with ocular disease
were then assessed. Macular degeneration appeared to act as disease processes acting near the photoreceptor (d1 model). Glaucoma
seemed to act near the site of retinal gain (d3 model). This analysis method may be of value in developing light adaptation strategies
in people with ocular disease.
 2004 Elsevier Ltd. All rights reserved.
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Perimeters are a basic clinical tool used to detect
areas of reduced sensitivity in the visual ﬁeld. As the sen-
sitivity values measured by perimeters change with the
background illumination level, perimeters have a set
bowl luminance. Commonly used background lumi-
nance levels range from 10 cd/m2 in the Humphrey ﬁeld
analyser (HFA) to 1.3 cd/m2 in the Octopus perimeter.
Yet the visual environment is a place full of diﬀerent
light levels. Could more information be gained through
performing perimetry using a range of background
luminance levels? This question has been an area of re-
search in perimetry for many years. Testing at lower
and higher background luminance levels has been
proposed (Bedwell & Obstfeld, 1972; Frankhauser,
1979; Greve, 1980; Owsley et al., 2000; Paige, 1985;
Starita, Fellman, & Lynn, 1987; Vingrys & Demirel,
1998).0042-6989/$ - see front matter  2004 Elsevier Ltd. All rights reserved.
doi:10.1016/j.visres.2004.09.008
E-mail address: p.herse@unsw.edu.au.However practical concerns, comparison diﬃculties
and threshold ﬂuctuations have minimized the use of
non-standard adaptation levels (Heijl, 1985; Henson,
1993).
The threshold-versus-intensity (tvi) function has been
used to study the increase in increment threshold with
increasing background luminance for many years (Agu-
ilar & Stiles, 1954). An extensive literature has devel-
oped examining the tvi function in normal observers
(Hood & Finkelstein, 1986), infants (Brown, 1986; Han-
sen, Fulton, & Harris, 1986) and patients with retinal
disease (Greenstein, Holopigian, Hood, Seiple, & Carr,
2000; Greenstein, Shapiro, Zaidi, & Hood, 1992; Hol-
opigian, Seiple, Greenstein, Hood, & Carr, 2001; Hood
& Greenstein, 1988; Hood et al., 1998; Hood & Zhang,
2000; Seiple, Holopigian, Greenstein, & Hood, 1993;
Young, Price, & Harrison, 1986). A model linking much
of the tvi literature was proposed by Hood and Green-
stein (1990). The basic premise of the model is that
adaptation to a background illuminance can be
described by a two site model, where site 1 is the photo-
receptor and site 2 is a post-receptoral system containing
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tvi function can be modeled using Eq. (1)
log T ¼ log T 0 þ logððAþ A0Þ=A0Þn; ð1Þ
where T is the threshold, T0 is the unadapted threshold
illuminance specifying the vertical position of the func-
tion, A is the adapting illuminance, A0 speciﬁes the hor-
izontal position of the function and n is the slope of the
function. If the data are ﬁt to this equation then esti-
mates of logT0 and logA0 can be obtained. These vari-
ables deﬁne the visual adaptation function and can be
used to determine the locus of a particular disease proc-
ess. Disease can act either at the photoreceptor level (d1)
or in the post-receptoral system (d3). If the disease proc-
ess acts at the d1 locus then there would be a reduction
in quantal catch due to a loss of photopigment, damage
to the photoreceptor or a decrease in incident light from
a pre-retinal ﬁlter (Hood & Greenstein, 1990; Seiple
et al., 2002). The result would be an identical multiplica-
tive increase in both logT0 and logA0. If the disease
process acts at the d3 locus then the eﬀect would be seen
as an increase in logT0 only. Again; the reader is re-
ferred to Hood and Greenstein (1990) for a more com-
plete explanation of the model and its application to
assessing ocular disease.
Two studies have attempted to apply tvi analysis
directly to visual ﬁeld loss as measured on a static peri-
meter (Hood & Zhang, 2000; Seiple et al., 2002). Unfor-
tunately, little direct correlation was found between the
results obtained from the two diﬀerent methods. It was
speculated that the multifocal ERG stimuli used may
have been too large and diﬀuse to produce the well-de-
ﬁned retinal simulation produced by a static perimeters
(Hood & Zhang, 2000). The current study will address
this possibility by using a modiﬁed static perimeter to
measure increment thresholds over a range of back-
ground adapting illuminances. These data will then be
analysed using a tvi approach proposed by Seiple,
Greenstein, Holopigian, Carr, and Hood (2002) and ﬁ-
nally compared to a standard HFA result.Table 1
Characteristics of subjects with ocular disease
Diagnosis Age Visual acuity MD (dB) PSD (dB) A
in
AMD 79 20/30 +0.53 1.38 0/
AMD 75 20/30 4.46 2.50 12
POAG 73 20/25 6.21 3.24 41
POAG 65 20/20 1.42 2.41 7/
The diseases assessed were age-related macular degeneration (AMD) and
depression reported on the Humphrey Field Analyser SITA standard 24/2 C
(dB). PSD represents the Pattern Standard Deviation in dB. The abnormal p
STATPAC result having a probability of less than 2%. The column Increase
log troland (equivalent to that of the HFA). The column Abnormal points in
the calculated 99% conﬁdence interval for that particular visual ﬁeld test loc2. Methods
2.1. Subjects
2.1.1. Controls
Twenty subjects (10 female) were recruited from the
Optometry Clinic of the School of Optometry and Vi-
sion Science, University of New South Wales. Subjects
were aged between 20 and 65 years of age (mean 43
years), had a best correct visual acuity of at least 20/20
and no known history of eye disease or cataract. All sub-
jects were experienced in performing automated perime-
try and underwent a routine ocular examination.
Institutional approval was obtained and the tenets of
the Declaration of Helsinki were followed. Informed
consent was obtained from all subjects.
2.1.2. Ocular disease
Four male subjects were recruited from the Optome-
try Clinic of the School of Optometry and Vision Sci-
ence, University of New South Wales. Subjects were
aged between 65 and 79 years of age (mean 73 years)
and had a best correct visual acuity of at least 20/30.
All subjects had long-standing diagnoses and were un-
der routine ophthalmological care. All subjects were
experienced in performing automated perimetry. The
characteristics of the ocular disease subjects are given
in Table 1. Institutional approval was obtained and
the tenets of the Declaration of Helsinki were followed.
Informed consent was obtained from all subjects.
2.2. Perimeter
The M600 automated static perimeter (Medmont,
Camberwell, Australia) was used. The M600 is made
of a separate stimulus bowl connected to a standard per-
sonal computer. The bowl is lit by a ring of tungsten
light sources placed near the front rim of the bowl.
The standard bowl luminance of 3.2 cd/m2 is intermedi-
ate between that of the HFA and the Octopus perimeter.bnormal points
HFA plot
Increase in logT0 at
HFA illuminance
Abnormal points
using tvi analysis
52 = 0% 0.44 16/30 = 53%
/52 = 23% 0.08 30/30 = 100%
/52 = 79% 0.94 26/30 = 87%
52 = 13% 0.58 19/30 = 63%
primary open angle glaucoma (POAG). MD represents the mean
entral Threshold test. The value is in decibels of stimulus attenuation
oints in the HFA are the sum of points shown on the Total Deviation
in logT0 gives the increase in logT0 at an adapting illuminance of 1.85
tvi analysis gives the sum of those points having a logT0 lying outside
ation. See the text for further clariﬁcation of these data.
Table 2
Estimates of logA0 and logT0 at 30 positions in the visual ﬁeld
Eccentricity Vector
45 90 135 225 270 315 Mean
LogA0
22 1.1 ± 0.3 0.9 ± 0.6 1.2 ± 0.2 1.0 ± 0.5 1.2 ± 0.3 1.0 ± 0.4 1.1 ± 0.4
15 1.1 ± 0.4 0.9 ± 0.4 1.2 ± 0.3 1.1 ± 0.4 1.0 ± 0.3 1.1 ± 0.3 1.1 ± 0.4
10 1.2 ± 0.2 1.1 ± 0.3 1.2 ± 0.3 1.2 ± 0.2 1.0 ± 0.2 1.0 ± 0.2 1.1 ± 0.3
6 1.2 ± 0.2 1.2 ± 0.2 0.8 ± 1.1 1.2 ± 0.6 1.1 ± 0.6
3 1.1 ± 0.3 1.2 ± 0.3 1.3 ± 0.2 1.1 ± 0.5 1.1 ± 0.3
1 1.7 ± 0.2 1.7 ± 0.3 1.7 ± 0.3 1.5 ± 0.3 1.7 ± 0.3
LogT0
22 0.9 ± 0.4 0.9 ± 0.5 0.9 ± 0.3 0.6 ± 0.6 0.6 ± 1.3 0.4 ± 1.4 0.7 ± 0.9
15 0.8 ± 0.3 0.7 ± 0.4 0.7 ± 0.8 0.5 ± 1.1 0.6 ± 0.4 0.6 ± 0.4 0.6 ± 0.6
10 0.6 ± 0.2 0.4 ± 1.0 0.7 ± 0.4 0.5 ± 0.2 0.4 ± 0.3 0.4 ± 0.2 0.5 ± 0.5
6 0.5 ± 0.2 0.5 ± 0.3 0.1 ± 1.0 0.5 ± 0.6 0.4 ± 0.6
3 0.3 ± 0.3 0.3 ± 0.5 0.5 ± 0.2 0.3 ± 0.6 0.3 ± 0.4
1 0.8 ± 0.3 0.9 ± 0.4 0.7 ± 0.3 0.6 ± 0.4 0.7 ± 0.4
The positions of the stimulus can be determined by ﬁnding the eccentricity value and following a vector out from ﬁxation. The vectors are in degrees
with 0 being the left horizon and 180 being the right horizon. The estimates of error are ±1 SD.
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ting diodes (LEDs) placed under a thin diﬀusing sheet.
The LED peak emission wavelength is 565 nm and the
LEDs subtend 0.43 (Humphrey size III) at the viewing
distance of 37 cm. The luminance of the stimulus LEDs
can be varied in 3 dB steps by the computer, with the
maximal stimulus luminance being 318 cd/m2 (1000
asb). The stimulus presentation time was set at 200
ms. A standard 6 dB/3 dB reversing staircase strategy
was used to determine luminance thresholds for each
test point in the visual ﬁeld. The reader is referred to
Vingrys and Helfrich (1990) for a more complete
description of the M600 perimeter.
2.3. Background luminance
A key advantage of the M600 perimeter is that the
background and stimulus systems are independent. A
variable voltage power source was added to the electri-
cal system of the bowl allowing the production of a wide
range of background luminance levels. Room lights
were turned oﬀ. The bowl luminance was calibrated over
a range of voltages using a spot photometer. An expo-
nential relationship was found between voltage and
bowl luminance. The luminance across the bowl was
acceptably uniform, with the variation in bowl lumi-
nance being less than 5% of the mean. The color of
the bowl became reddish when low voltages were used.
The adapting illuminances used were 0.48, 1.00, 1.70,
2.18, 2.40, 2.60 and 3.89 log trolands.
2.4. Stimulus pattern
A custom stimulus pattern was developed to maxi-
mize data collection while minimizing time taken to per-
form the procedure. The pattern contains 30 pointsdistributed over 6 retinal eccentricities of 1, 3, 6,
10, 15 and 22. The layout of the test pattern is shown
in Table 2.
2.5. Test procedure
The left eye was occluded with an opaque eye patch.
The pupil of the right eye was dilated by application of
tropicamide 1% and phenylephrine 2%. Pupil dilation
was 8 mm. After the pupil had dilated, retinoscopy
was performed and a suitable near addition provided
to allow clear viewing of the ﬁxation target. The subject
was seated in the perimeter and adapted for 5 min to the
brightest illuminance level (3.89 log trolands). Threshold
testing was then performed using the custom stimulus
pattern (about 3 min). The next lower luminance level
was selected, adaptation repeated and the thresholding
procedure repeated for the remaining six illuminance
levels. The total time needed to perform one subject
run was about 1 h. The perimeter provided a hardcopy
of the sensitivity estimates for each point in decibels of
attenuation of the maximal stimulus luminance.
2.6. Statistical analysis
The method used to analyze the data can be found in
detail elsewhere (Hood & Greenstein, 1990; Seiple et al.,
2002). The perimetric sensitivity data (dB) were con-
verted to thresholds (log trolands) and plotted against
adapting illuminance (in log trolands). The data were ﬁt-
ted to Eq. (1) shown earlier using nonlinear regression
analysis (SigmaPlot) and the variables logT0 and logA0
estimated. It should be noted that n was set equal to 1
for the analysis. The setting of n to 1 has been shown
to be valid in a number of previous studies including
adults (Hood & Finkelstein, 1986; Hood, 1998), infants
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Greenstein, 1990; Seiple et al., 2002; Seiple et al.,
1993). Conﬁrmation of the slope being 1 was done dur-
ing preliminary analysis of the experimental data.3. Results
3.1. Overall results
The mean thresholds for two eccentricities (1 and 6)
are plotted against adaptation illuminance in Fig. 1. As
is well known, thresholds increase in a predictable man-
ner with increasing adaptation illuminance. Data from
two previous studies are included in Fig. 1 for compar-
ison (Seiple et al., 2002, 1993). LogT0 and logA0 esti-
mates were calculated for all 30 retinal locations for
each subject. The mean estimates are presented in Table
2. LogT0 for the overall data was 0.55 log td and logA0
was 1.19 log td. With a 0.6 log unit shift in logA0 (curve
moves horizontally to the right), the current results are
consistent with other reports in literature for psychomet-
ric procedures (logT0: 0.55–1.22, logA0: 1.70–2.77)
(Hood & Greenstein, 1990; Seiple et al., 2002, 1993).
3.2. Eﬀect of eccentricity
LogT0 and logA0 values were estimated for each
individual location. No signiﬁcant diﬀerences were0
1
2
3
4
0 1 2 3 4
ILLUMINANCE (log td)
TH
R
ES
HO
LD
 (lo
g t
d)
Fig. 1. Threshold-versus-intensity (tvi) curve. Selected data from this
study are shown with circles; 1 eccentricity () and 6 eccentricity
(d). Other data can be supplied by contacting the author. The data are
the mean values for 20 subjects. Literature data from Seiple et al.
(1993) (m) and Seiple et al. (2002) (n) are shown for comparison. The
dotted line is the best interpolation ﬁt for the 1 eccentricity data.found between the logT0 and logA0 values within each
eccentricity level for each individual subject (repeated
measures ANOVA followed by Scheﬀes test a = 0.05).
The mean variation of logA0 with eccentricity is shown
in Fig. 2. No signiﬁcant variation in logA0 was found
between retinal eccentricities of 3–22. The ﬁnding of
no change in logA0 between 4 and 20 eccentricity is
consistent with a recent report using psychophysical
methods (Seiple et al., 2002). The variation of logT0
with eccentricity was more complex and is also shown
in Fig. 2. The mean logT0 estimates at 3 and 6 were
found to be signiﬁcantly less than those of all other
eccentricities (repeated measures ANOVA followed by
Scheﬀes test a = 0.05). LogT0 was seen to increase with
eccentricity between 3 and 22. A similar increase in
logT0 between 4 and 20 has been reported (Seiple
et al., 2002).
The 1 data are interesting and non-intuitive. The
mean logA0 estimate at 1 eccentricity (1.67) was signif-
icantly greater than the mean logA0 estimates at all
other eccentricities (repeated measures ANOVA fol-
lowed by Scheﬀes test a = 0.05). Similarly the logT0
estimate at 1 eccentricity (0.73) was signiﬁcantly greater
than the mean logT0 estimates at 3, 6 and 10 eccen-
tricity (repeated measures ANOVA followed by
Scheﬀes test a = 0.05).
3.3. Eﬀect of age
Linear regression analysis of age against logT0
and age against logA0 was performed on the data from
each retinal eccentricity level. The results are shown in0
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Fig. 2. Variation of logT0 (d) and logA0 () with eccentricity. The
error bars represent ±1 SEM. Note that the dip in the best ﬁt
interpolation curves at 4 eccentricity is an artefact of the curve ﬁtting
program used.
Table 3
Variation of logT0 and logA0 with eccentricity. The table gives the
slopes of the linear regression of logT0 with age and logA0 with age for
the six levels of eccentricity. Statistically signiﬁcant linear regressions
are shown in italics
Eccentricity LogA0 LogT0
Pearson r Slope p Pearson r Slope p
1 0.7 0.005 0.002 0.5 0.008 0.02
3 0.3 0.003 0.38 0.6 0.008 0.04
6 0.1 0.001 0.82 0.6 0.007 0.04
10 0.1 0.001 0.80 0.6 0.006 0.03
15 0.1 0.002 0.64 0.4 0.012 0.09
22 0.5 0.006 0.09 0.5 0.010 0.67
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Fig. 3. Variation of logT0 (d) and logA0 (h) with age. The data are
from 1 eccentricity. The error bars represent ±1 SEM.
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Statistically signiﬁcant linear regressions were found be-
tween age and logT0 at 1, 3, 6 and 10 eccentricity
and age and logA0 at 1 eccentricity. This study found
the central ﬁeld logT0 value increased by about 0.01
log units/year (or about 1 dB/decade). This result is con-
sistent with similar ﬁndings using clinical perimetric
thresholds (e.g., Lachenmayr et al., 1994) and cone-
mediated colour increment thresholds (Werner, Bieber,
& Schefrin, 2000). It is interesting to note that the rising
rate of increase in perimetric thresholds after the age of
45 years of age (Lachenmayr et al., 1994) is also seen in
this study (see Fig. 3).
Fig. 4. Eﬀect of ocular disease. The relative change from normal was
calculated by subtracting the values in the disease patient from that of
the average normal for each visual ﬁeld position: (a) relative logT0 (d)
and logA0 () data are plotted for one subject with primary open
angle glaucoma (subject ram); (b) relative logT0 and logA0 data are
plotted for one subject age-related macular degeneration (subject pet).
The error estimates are ±1 SEM.4. Eﬀect of ocular disease
logT0 and logA0 estimates were derived for the ocu-
lar disease subjects. Note that the ocular disease subjectsused in this study are not age-matched with their respec-
tive controls but compared to the averaged normal data.
Further work is needed to establish age-matched values
for all age ranges.
Relative logT0 and logA0 values were obtained by
subtracting the normal logT0 and logA0 values from
logT0 and logA0 estimates for the ocular disease sub-
jects at each test location. The data from only two ocu-
lar disease subjects are shown for clarity in Fig. 4.
Fig. 4(b) shows the variation in logA0 and logT0 with
eccentricity for a 75 year old subject with moderate
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Fig. 5. Graphical example of d1 and d3 modeling. The averaged tvi
data for all subjects at all locations were plotted (solid line). A d1
(photoreceptor) loss is modeled using the ﬁlled circles (0.5 log unit
multiplicative). The averaged data for one macular degeneration
subject is shown with the open triangles. A d3 (post-receptoral) loss is
modeled using the ﬁlled squares (0.8 log unit additive). The averaged
466 P. Herse / Vision Research 45 (2005) 461–468age-related macular degeneration (AMD). As expected,
logA0 and logT0 were raised in the area associated with
vision loss in AMD (0–5 eccentricity). It is important to
remember the two-site tvi model of Hood and Green-
stein (1990) at this point. Disease can act either at the
photoreceptor level (d1) or in the post-receptoral system
(d3). If the disease process acts at the d1 locus then the
result would be an identical multiplicative increase in
both logT0 and logA0. AMD is a disease of the photor-
eceptors and retinal pigment epithelium and would
likely act at the d1 locus. The data in Fig. 4(b) show
the expected multiplicative increase in both logT0 and
logA0 in a case of AMD.
Glaucoma, on the other hand, likely acts on the post-
receptoral d3 locus. The eﬀect of a disease at this
position would be seen as a relative increase in logT0
compared to logA0. Fig. 4(a) shows the variation in
logA0 and logT0 with eccentricity for a 73 year old sub-
ject with moderate open angle glaucoma. As expected,
logA0 and logT0 were raised in the area associated with
vision loss in glaucoma (5–15 eccentricity). In the case
shown in Fig. 4(a), there is a constant 0.8 log unit in-
crease in logT0 relative to logA0 consistent with a
post-receptoral d3 disease locus.data for one open angle glaucoma subject is shown with the open
circles.5. Graphical modeling
Fig. 5 further clariﬁes the diﬀerence between a d1 and
a d3 disease locus. Fig. 5 shows the averaged normal tvi
data from this study (solid curve). A d1 (photoreceptor)
loss results in an adaptation dependent response, where
the tvi curve rolls away from the normal curve at lower
adapting illuminances while remaining ﬁxed to it at the
higher adapting illuminances. The eﬀect of a calculated
0.5 log unit multiplicative increase in both normal logT0
and logA0 values is shown in Fig. 5 (ﬁlled circles). The
averaged data from one AMD subject (unﬁlled trian-
gles) is seen to closely match this 0.5 log unit d1 model
loss. Conversely a d3 model loss results in the normal
curve simply moving vertically as only logT0 increases.
The calculated eﬀect of a 0.8 log unit increase in logT0
is shown in Fig. 5 (ﬁlled squares). The averaged data
from one POAG subject (unﬁlled circles) is seen to clo-
sely match this 0.8 log unit d3 model loss. These results
demonstrate that data from individual ocular disease
cases can be classiﬁed into d1 or d3 groups using graph-
ical modeling.6. Discussion
6.1. Comparison with Seiple et al. (2002)
This paper directly applies the tvi modeling of Seiple
et al. (2002) to a commercially available automatedperimeter. It is therefore useful to compare those areas
where there are diﬀerences in the results. The logT0
and logA0 values reported in this study were slightly dif-
ferent from those of Seiple et al. (2002). While the logT0
values were identical, the logA0 values were lower by
about 0.6 log units. This diﬀerence may have been due
to the lower backgound illuminances used in the present
study (0.5 versus 1.5 log trolands). To test this we rean-
alyzed the data of one control subject by deleting the
lower two background illuminances (i.e., matched the
levels used by Seiple). The logT0 and logA0 values using
the lower background illuminances (present study) were
0.59 and 1.32, respectively. The logT0 and logA0 values
using the higher background illuminances (matching
Seiple et al.) were 1.13 and 1.86, respectively. The data
reported by Seiple et al. (2002) for logT0 and logA0 were
0.55 and 1.70, respectively. Thus, we see that the results
of the present study cannot be made to directly match
those of Seiple et al. (2002) by merely matching illumi-
nance levels. This is not entirely surprising given the dif-
ferences in the experimental stimuli used (LED
perimeter versus VERIS multfocal ERG monitor). We
used the lower illuminace levels in this study for two rea-
sons. Firstly, we felt there was useful information to be
had by going into lower illuminance levels. A key com-
plaint of many people with visual impairment is diﬃ-
culty in seeing at low light levels. Secondly, we found
the non-linear curve ﬁt was more precise when more
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function. For example; the standard error of the esti-
mate of the parameter A0 was signiﬁcantly less (repeated
measures ANOVA p = 0.03) using the lower back-
ground illuminance data.
6.2. Parafoveal peak
Of more interest is the ﬁnding in this study of a signif-
icant peak in both logT0 and logA0 in the parafoveal
visual ﬁeld. The increase in logT0 with increasing eccen-
tricity when using a ﬁxed size stimulus is likely due to
the decrease in cortical magniﬁcation as we move from
central to peripheral visual ﬁeld (e.g., Virsu & Rovamo,
1979). Yet changes in cortical magniﬁcation would pre-
dict a lower parafoveal logT0 than found in this study.
It is more likely that the increased parafoveal logT0
and logA0 values found in this study may be a result
of a combination factors such as predominantly cone-
mediated vision in the parafoveal visual ﬁeld, small tar-
get size and relatively fast exposure times (Barlow, 1957;
Graham & Margaria, 1935; Ripps & Weale, 1976). It is
also likely that as cone-mediated vision shut down at the
lower illuminance levels, cone-rod inhibitory interac-
tions may have occurred (Wooten & Butler, 1976). More
study is indicated into this interesting eﬀect.
6.3. Comparison with automated static perimetry
The HFA is the clinical standard for most visual ﬁeld
assessments. A stated aim of this study was to determine
if the points in the visual ﬁeld identiﬁed as abnormal by
the tvi approach would match those identiﬁed by the
HFA. Each of the ocular disease subjects of this study
had previously completed a SITA standard 24/2 central
threshold assessment. A number of statistics were re-
corded from the HFA printout (see Table 1). The mean
deviation (MD) and the number of abnormal points
were recorded. Abnormal points were deﬁned as having
a probability of 2% or less on the total deviation (TD)
plots. Similar statistics were derived from the tvi data.
The increase in logT0 at an adapting illuminance similar
to that used in the HFA (1.85 log trolands) was deter-
mined. Conﬁdence limits (99%) for logT0 were calcu-
lated for all 30 points in the visual ﬁeld. logT0 values
lying outside these conﬁdence limits were identiﬁed as
abnormal. These data are summarized in Table 1. The
tvi method identiﬁed many more points in the visual
ﬁeld as abnormal. When the same four subjects were
tested by both methods, the tvi technique identiﬁed
76% of points tested as abnormal compared to 29%
using the HFA. Correlations between the data were
determined. The correlation between the MD statistic
of the HFA and the logT0 increase of the tvi (r = 0.58)
was not statistically signiﬁcant (p = 0.31). The correla-
tion (r = 0.43) between the number of abnormal pointsin the HFA central threshold test and the number of test
locations having abnormal logT0 values was not statis-
tically signiﬁcant (p = 0.48). These results suggest that
the abnormal points identiﬁed using tvi functions can-
not be directly compared with those detected by auto-
mated static perimetry. This conclusion is consistent
with the similar lack of direct correlation between visual
ﬁeld data and mutifocal ERG and VEP measurements
(Hood & Zhang, 2000).
6.4. Clinical relevance
A key issue in low vision rehabilitation is the assess-
ment of appropriate lighting for reading and mobility
tasks (Eldred, 1992; Kuyk, Elliott, & Fuhr, 1998; West
et al., 2002). The need for useful lighting in halls and
walkways for people with ocular disease has long been
recognized. However it is also well known that some
people ﬁnd increased light very useful while others ﬁnd
it of little beneﬁt (Eldred, 1992). It is possible that the
tvi approach might be beneﬁcial in helping detect those
people whose visual performance is adaptation depend-
ent (i.e., the d1 model) and those people whose visual
performance is adaptation independent (the d3 model).
The people described by the d1 model would require ex-
tra contrast mostly at low light levels while the people
described by the d3 model would need extra contrast
at all light levels. The tvi approach may also help deter-
mine at what level of lighting a person with a particular
condition might experience diﬃculties. For example; we
might expect the person with AMD shown in Fig. 5 to
start having diﬃculties at light levels of equivalent to
about 30 cd/m2 (2 log trolands assuming 2 mm pupil).
This is the adaptation level, where his tvi curve moves
away from that of the normal. The person with POAG
shown in Fig. 5 on the other hand has reduced visual
performance at all light levels and may require increased
contrast all adaptation levels. The person with AMD
functions relatively normally at high illuminance levels
while the person with POAG has diﬃculty no matter
what the light level. While the current experimental
method is time consuming and cumbersome, it is ex-
pected that faster adaptive thresholding strategies (not
used in this study) and a reduced number of tested illu-
minance levels would greatly improve the clinical utility
of method. The tvi perimetry method is an intriguing
synthesis of basic psychophysical research and currently
available clinical technology. It would appear to have
direct application in low vision rehabilitation research.Acknowledgments
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